Background: Most clinical guidelines recommend a restrictive red-blood-cell (RBC) transfusion threshold. However, indications for transfusion in patients with a hip fracture have not been definitively evaluated or remain controversial. We compared the pros and cons of restrictive versus liberal transfusion strategies in patients undergoing hip fracture surgery.
Introduction
With the aging of our society, hip fractures have become a common injury. [1] Approximately half of all hip fracture patients require red-blood-cell (RBC) transfusion because of perioperative hemorrhage. [2, 3] RBC transfusions are associated with complications such as allergic reactions, bacterial or viral infections, circulatory overload, acute hemolysis, and acute lung injury. [4, 5] All of these complications increase patient morbidity and mortality and patients' financial burden. [6] Accordingly, many studies support a restrictive RBC transfusion strategy (hemoglobin threshold less than 10 g/dL, mostly 8 g/dL) instead of a liberal transfusion strategy (hemoglobin threshold more than 10 g/dL, mostly more than 8 g/dL), [7] [8] [9] [10] [11] [12] and some scholars even recommend a transfusion threshold of 7 g/dL. [13] A meta-analysis of a range of clinical specialties showed that restrictive transfusion decreased the RBC proportion by 43% but did not impact 30-day mortality or morbidity. [14] A meta-analysis of patients undergoing only hip surgery showed that restrictive transfusion did not affect mortality, functional recovery, or postoperative morbidity, but there was very low-quality evidence of a lower risk of myocardial infarction in the liberal compared with the restrictive transfusion threshold group. [15] However, not all studies agree with a restrictive RBC transfusion strategy. Some meta-analyses have shown that it may not be safe to use a restrictive transfusion threshold in patients with cardiovascular disease. [16] One meta-analysis showed that restrictive transfusion strategies should be applied with caution in high-risk patients undergoing major surgery. [17] Another meta-analysis showed that liberal transfusion might produce better outcomes than restrictive transfusion in elderly patients. [18] The majority of patients with hip fracture are geriatric and have a high rate of cardiovascular disease, and hip fracture surgeries are highly traumatic. [19] Consequently, given recent new evidence, we conducted a meta-analysis of randomized controlled trials (RCTs) and retrospective cohort studies (RCSs) to examine whether the restrictive transfusion strategy is more effective and safer than the liberal transfusion strategy in patients undergoing hip fracture surgery.
Methods
This meta-analysis was carried out in accordance with the Cochrane Handbook for Systematic Reviews of Interventions and is reported in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. [20, 21] 
Literature search
An online search was performed in the PubMed, Web of Science, Embase, and Springer databases and the Cochrane Library. Search terms included those related to hip fracture, transfusion, and their variants. We present the search strategy as follows: (transfusion OR transfusions OR restrictive transfusion strategy OR liberal transfusion strategy OR restrictive transfusion threshold OR liberal transfusion threshold) AND (hip fracture OR hip fractures OR intertrochanteric fracture OR femoral neck fracture OR subtrochanteric fracture). No restrictions were placed on language or type of publication. Two reviewers (ZC and YJ) selected relevant studies independently. We also searched the references of the retrieved studies and recent reviews. The date of the last search was 06 December 2018. We also contacted some authors of the original studies for additional information, and Professor Leuzinger replied to our inquiry by E-mail. [22] 
Study selection
By screening the titles and abstracts for relevance, 2 teams of reviewers (ZC and XQM; YJ and WB) independently decided which studies to include based on the selection criteria. Discrepancies were resolved through discussion with other reviewers. Studies were included in the meta-analysis if they met the following criteria:
(1) they were RCTs or RCSs;
(2) they used 2 comparator groups in which 1 group received an RBC transfusion with liberal transfusion strategy and the other received an RBC transfusion with a restrictive threshold; (3) patients undergoing hip fracture repair surgery were enrolled; (4) adequate data were available to be pooled for the analysis.
Studies were excluded if they were experimental trials, data were incomplete or unavailable, they were non-original articles, or if the data or the sample were duplicated.
Data extraction
The following data were independently extracted by 2 reviewers (XLY and LW): first author's family name, publication year, origin of patients, age, number of patients, transfusion thresholds and clinical outcomes. The clinical outcomes consisted of delirium, inhospital mortality, 30-day mortality, 3-month mortality, 1-year mortality, all cardiovascular events, myocardial infarction, congestive heart failure, arrhythmia, all infections, wound infection, pulmonary infection, cerebrovascular accidents, length of hospitalization and thromboembolic events. Disagreements were resolved through discussion with the other authors.
Assessment of methodological quality
Two reviewers (WH and GS) independently graded the methodological quality of each eligible study. We used the Cochrane Collaboration's tool to assess risk of bias for randomized controlled trials (RCTs). The assessment consisted of random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective outcome reporting, and other bias, and each RCT was viewed and scored as high, low, or unclear regarding the risk involving these domains. Blinding of participants and personnel was generally not feasible because of the nature of this study, so we categorized trials as having a low risk of bias if only blinding of participants and personnel was not scored as being at low risk of bias. The quality of retrospective cohort studies was assessed using the Newcastle-Ottawa quality assessment scale for non-randomized case-controlled studies and cohort studies. Three aspects were assessed: selection, comparability, and exposure. A quality score of ≥6 on the 9-point Newcastle-Ottawa scale was moderated to represent a relatively high-quality CS.
Data analysis
Statistical analyses were performed using the Cochrane Collaboration's Review Manager 5.3 software. Statistical heterogeneity was assessed by both Cochran chi-squared test (Q-test) and I 2 test. P ≥.1 and I 2 <50% were considered to represent no statistical heterogeneity, and a fixed-effects model was used to estimate binary and continuous variables; a P value of .05 was used as the level of statistical significance. Binary variables were presented as risk ratio (RR) and 95% confidence interval (95% CI). Continuous variables were expressed as mean and standard deviation (SD), and assessed using weighted mean differences and respective 95% confidence intervals (Cis). Begg test and Egger test were used to assess potential publication bias, and they were performed using the software Stata11.0 (Stata Corporation, College Station, TX). [23, 24] To avoid clinical heterogeneity and false-positive outcomes, if the results were statistically significant using the fixed effects model, we performed a meta-analysis again using a random-effects model.
Results

Characteristics of studies included
The search strategy is detailed in Figure 1 . Relevant references were selected and the studies included were manually reviewed. The initial online search generated 649 records after excluding duplicates (n = 176). After screening the titles and abstracts, 623 articles were excluded. Of the remaining 26 relevant studies, 17 were excluded because they were not comparisons or used ineligible comparators (n = 8) and inappropriate data (n = 9); 9 trials were included in the final analysis. [22, [25] [26] [27] [28] [29] [30] [31] [32] The characteristics of the trials included are summarized in Table 1 . The 9 trials included were published between 1998 and 2018, with sample sizes ranging from 62 to 2016 subjects and a total of 3531 subjects. Mean participant age ranged from 81 to 88.7 years. In the restrictive transfusion arm, the hemoglobin threshold level ranged from 8.0 to 9.7 g/dL (mostly 8.0 g/dL). In the liberal transfusion arm, the hemoglobin level ranged from 10.0 to 11.3 g/dL (mostly 10.0 g/dL). The studies of both Gregersen and Blandfort involved participants from the same center, and the samples of Blandfort are included among the samples of Gregersen, but the results they analyzed were mostly different; both were therefore included in our analysis. Professor Leuzinger told us that, in their research into cardiovascular events, there were 4 myocardial infarction patients, 1 congestive heart failure patient and 1 arrhythmia patient in the restrictive transfusion group, and there were 1 myocardial infarction patient and 1 arrhythmia patient in the liberal transfusion group. With regard to infection, 4 patients had pneumonia and 1 patient had an infected wound in the restrictive transfusion group while 3 patients had pneumonia, and 3 patients had infected wounds in the liberal transfusion group. [22] 
Quality of studies
Information concerning the risk of bias for each RCT is presented in Figure 2 . Five RCTs had a low risk of bias and 2 RCTs were categorized as being unclear. The 2 RCSs were of high quality with a score of 7 points (Table 2) .
3.3. Meta-analysis of clinical outcomes 3.3.1. Delirium rate. The delirium rate was described in 5 of the 9 articles, which included 748 and 470 patients in restrictive and liberal transfusion threshold groups, respectively. There was no difference in delirium rate after surgery between the 2 groups (RR = 0.98, 95% CI 0.81-1.18; P = .82), and no statisticallysignificant heterogeneity (x 2 = 6.86; P = .14; I 2 = 42%; Fig. 3 ). No publication bias was found according to Begg test (P = .806) or Egger test (P = .809).
Mortality.
The results of in-hospital mortality are shown in Figure 4A . Four studies involving 2943 patients (1613 in the restrictive and 1330 in the liberal transfusion strategy group) reported postoperative in-hospital mortality. No statistically significant difference in in-hospital mortality was observed between the 2 groups (RR = 1.04, 95% CI 0.65-1.67; P = .87), and no statistically significant heterogeneity (x 2 = 3.79; P = .30; I 2 = 18%). No publication bias was found in any of the included studies according to Begg test (P = .296) or Egger test (P = .094).
The results of 30-day mortality are shown in Figure 4B . Five studies involving 2566 patients (1290 in the restrictive and 1276 in the liberal transfusion strategy group) reported postoperative 30-day mortality. No statistically significant difference in inhospital mortality was observed between the 2 groups (RR = 1.11, 95% CI 0.81-1.52; P = .53), and no statistically significant heterogeneity (x 2 = 7.85; P = .10; I 2 = 49%). No publication bias was found in any of the included studies according to Begg test (P = .462) or Egger test (P = .148).
The results of 3-month mortality are shown in Figure 4C . Three studies involving 546 patients (279 in the restrictive and 267 in the liberal transfusion strategy groups) reported postoperative 3-month mortality. No statistically significant difference in 3-month mortality was observed between the 2 Figure 4D . Two studies involving 262 patients (135 in the restrictive and 127 in the liberal transfusion strategy group) reported postoperative 1year mortality. No statistically significant difference in 1-year mortality was observed between the 2 groups (RR = 1.09, 95% CI 0.74-1.62; P = .65), and no statistically significant heterogeneity (x 2 = 1.09; P = .30; I 2 = 8%). No publication bias was found in any of the included studies according to Begg test (P = 1).
Cardiovascular events.
Seven of the studies provided relevant data on cardiovascular event incidence rates. The summarized estimates of effect size indicated that the restrictive transfusion strategy group had a significantly higher myocardial infarction incidence rate than the liberal counterpart (RR = 1.77, 95% CI 1.09-2.86; P = .02), and no statistically significant heterogeneity (x 2 = 0.55; P = .91; I 2 = 0%; Fig. 5 ). Similar results were obtained when using a random-effects model. Possible publication bias was found according to Egger test (P = .026). No statistically significant difference in congestive heart failure (RR = 1.34, 95% CI 0.85-2.12; P = .21) and arrhythmia (RR = 0.84, 95% CI 0.53-1.35; P = .48) was observed between the 2 groups, and no statistically significant heterogeneity (x 2 = 1.59; P = .81; I 2 = 0%; x 2 = 2.12; P = .55; I 2 = 0%). No publication bias was found in any of the studies according to Begg test (P = .806; P = .462) or Egger test (P = .902; P = .614). The pooled estimates of effect size showed that the incidence of all cardiovascular events did not differ significantly between the 2 groups (RR = 1.28, 95% CI 0.98-1.67; P = .07).
3.3.4. Infection. Some of the included studies reported only wound or pulmonary infections (pneumonia), while others reported any infectious complication, not limited to pulmonary or wound infections. Consequently, we compared them separately. Carson et al 1998 [25] U.S. and Scotland Hip fracture repair * RCT Low risk 42 42 Foss et al 2009 [26] Denmark Hip fracture repair RCT Low risk 60 60 Carson et al 2011 [29] U.S. and Canada Hip fracture repair RCT Low risk 1009 1007 Parker 2013 [28] U.K. Hip fracture repair RCT Unclear risk 100 100 Gregersen et al 2015 [27] Denmark Hip fracture repair RCT Low risk 144 100 Gruber-Baldini et al 2013 [30] U.S. and Canada Hip fracture repair RCT Low risk 72 66 Blandfortet al 2016 [31] Denmark Hip fracture repair RCT Unclear risk 89 90 Leuzingeret al 2018 [22] Switzerland Hip fracture repair RCS 7 35 27 Zerah et al 2018 [33] France Hip fracture repair RCS 7 474 193 * Hip fracture repair includes hip replacement and internal fixation of hip fracture.
Age
Transfusion Threshold The results of wound infection are shown in Figure 6A . Four studies involving 2406 patients (1204 in the restrictive and 1202 in the liberal transfusion strategy group) reported cases of wound infection. No statistically-significant difference in wound infection was observed between the 2 groups (RR = 0.66, 95% CI 0.33-1.30; P = .23), and no statistically significant heterogeneity (x 2 = 3.30; P = .35; I 2 = 9%). No publication bias was found in any of the included studies according to Begg test (P = 1) or Egger test (P = .675).
The results of pulmonary infection (pneumonia) are shown in Figure 6B . Five studies involving 2490 patients (1246 in the restrictive group and 1244 in the liberal transfusion strategy group) reported cases of pulmonary infection. No statistically significant difference in pulmonary infection was observed between the 2 groups (RR = 0.76, 95% CI 0.54-1.07; P = .12), and no statistically significant heterogeneity (x 2 = 2.15; P = .71; I 2 = 0%). No publication bias was found in any of the included studies according to Begg test (P = .221) or Egger test (P = .353).
The results of all infections are shown in Figure 6C . Five studies involving 1166 patients (730 in the restrictive group and 746 in the liberal transfusion strategy group) reported all cases of infection. No statistically-significant difference in total infection was observed between the 2 groups (RR = 0.97, 95% CI 0.80-1.15; P = .73), and no statistically significant heterogeneity (x 2 = 5.11; P = .28; I 2 = 22%). No publication bias was found in any of the included studies according to Begg test (P = .462) or Egger test (P = .147).
Cerebrovascular accident (stroke)
. Relevant data concerning cerebrovascular accident (stroke) incidence rates were obtained from 6 of the included studies. Liberal compared with restrictive transfusion was associated with increased risk of cerebrovascular accidents (RR = 0.40, 95% CI 0.19-0.86; P = .02), and no statistically significant heterogeneity (x 2 = 1.54; P = .91; I 2 = 0%; Fig. 7 ). No publication bias was found in any of the included studies according to Begg's test (P = 1) or Egger's test (P = .668). Similar results were obtained using the random-effects model.
3.3.6. Thromboembolic events. Four trials involving 2474 participants (1241 in the restrictive group and 1233 in the liberal transfusion strategy group) reported thromboembolic events. There was no significant difference in the rate of thromboembolic events between the liberal and restrictive transfusion threshold groups (RR = 0.71, 95% CI 0.34-1.45; P = .35), and no statistically significant heterogeneity (x 2 = 2.46; P = .48; I 2 = 0%; Fig. 8 ). No publication bias was found in any of the included studies according to Begg's test (P = .308) or Egger test (P = .980). Quality assessment according to the Newcastlee-Ottawa scale.
Study
Selection Comparability Exposure Total score
Leuzinger et al 2018 [22] 3 2 2 7 Zerah et al 2018 [33] 3 2 2 7
Zhu et al. Medicine (2019) 98:32 www.md-journal.com 3.3.7. Length of hospitalization. Five studies reported the length of hospitalization after in the 2 groups. No statisticallysignificant difference in total infection was found between the 2 groups (RR = À0.44, 95% CI À1.09-0.20; P = .17), and no statistically significant heterogeneity (x 2 = 3.47; P = .17; I 2 = 0%; Fig. 9 ). No publication bias was found in any of the included studies according to Begg's test (P = .587) or Egger's test (P = .263) 
Discussion
This meta-analysis was performed to report the complications and mortality following restrictive RBC transfusion strategies compared to liberal RBC transfusion strategies in patients undergoing hip fracture operations. Seven RCTs and 2 RCSs were included in this research. Since the 2 RCSs were also of high quality, we included them in the study with the RCTs. All comparisons showed good heterogeneity. Additionally, we did not observe obvious publication bias in most of the comparisons, as assessed by Begg and Egger tests. This meta-analysis demonstrated that there was no significant difference in delirium incidence between the restrictive and liberal transfusion strategy groups. There have been few meta-analysis comparisons of the incidence of post-transfusion delirium. Five articles were included in this comparison. Only Blandfort et al believed that the liberal transfusion strategy reduced the incidence of postoperative delirium up to day 10 for nursing home residents, [31] and the other 4 studies showed that there was no significant difference in delirium incidence between the restrictive and liberal transfusion strategy groups. Gruber-Baldini believed the liberal transfusion strategy was unlikely to influence delirium severity or rate in individuals with hip fracture after surgery. [30] Interestingly, Gregersen found that the liberal transfusion strategy could improve , overall quality of life after hip fracture operation in less severe dementia patients. [27] This meta-analysis showed that there was no significant difference in in-hospital mortality, 30-day mortality or 3-month mortality between the restrictive and liberal transfusion strategy groups. A meta-analysis of restrictive versus liberal transfusion in patients after hip or knee surgery also showed there was no significant difference in 30-day mortality. [33] A meta-analysis of restrictive versus liberal transfusion in perioperative patients showed that adult patients had improved survival when receiving blood transfusion under a liberal strategy, but this meta-analysis did not take into account differences in follow-up time for the articles included in the analysis. [34] Shokoohi et al reported that among an elderly population with hip fracture, blood transfusion did not change the 6-month mortality. [35] Our meta-analysis also found no significant difference in 1-year mortality between the 2 groups.
Our meta-analysis showed that there were no significant differences in the rates of all infections, wound infection, or pulmonary infection (pneumonia) between the restrictive and liberal transfusion groups. These outcomes are consistent with some previously published meta-analyses. A meta-analysis showed that there was a reduced risk of serious infection in patients undergoing hip or knee replacement surgery in the restrictive transfusion arm. However, we believe that the author was biased in data selection, because, in this study describing the acquisition of data of infection cases, some articles included refer to pneumonia, some articles include refer to wound infection plus pneumonia, and some articles included refer to all types of infections. [36] The same mistake was also found in the other metaanalysis, which showed a significant difference in the rates of infections between the restrictive and liberal transfusion groups. [37] This meta-analysis also indicated that there were no significant differences in the incidence of wound infection or pneumonia. Although our meta-analysis showed no significant difference in the incidence of pneumonia between the 2 groups, the P-value was marginal, and the incidence of pneumonia in the liberal transfusion group was higher than that in the restricted group in most included studies, which should be taken into account. Another meta-analysis found that the allogeneic blood transfusion group had a significantly higher frequency of surgical-site infections than the non-transfused group. Above all, we still need more high-quality prospective studies to resolve this controversy. Our meta-analysis found a reduced risk of cerebrovascular accidents (stroke) in the restrictive transfusion groups. Rubinstein et al found that intraoperative transfusion of PRBC increased the stroke risk during carotid endarterectomy. [38] Bucerius et al believed that transfusion of a large number of PRBC was the strongest (OR = 5) independent predictor of perioperative stroke. [39] The mechanism by which blood transfusion increases stroke risk remains unclear, and Rubinstein et al believed it could be due to hypercoagulable and inflammatory reactions after transfusion. [38] At the beginning of the comparison between the incidence of cardiovascular diseases and myocardial infarction, it was found that the heterogeneity was too high. Through the sensitivity test, the source of heterogeneity was identified as the study by Zerah et al [32] and we excluded this paper. We found a reduced risk of myocardial infarction in the liberal transfusion groups, but there was no significant difference in congestive heart failure and arrhythmia between the restrictive and liberal transfusion strategy groups. Wang et al [40] and Docherty et al [16] argued it may not be safe to use a restrictive transfusion strategy in patients with ongoing acute coronary syndrome or chronic cardiovascular disease. Another meta-analysis showed there was no significant difference in the incidence of myocardial infarction in patients undergoing hip or knee surgery, but their study included patients who underwent both elective arthroplasty and hip fracture surgery. [33] Gu et al argued a restrictive transfusion strategy increases the risk of cardiovascular events in patients undergoing hip fracture surgery but not in those receiving elective arthroplasty. [41] These findings are consistent with ours. A meta-analysis by Brunskill et al also found very low-quality evidence of a lower risk of myocardial infarction in the liberal compared with the restrictive transfusion threshold group. [15] Compared with their study, our analysis added the latest literature and enhanced the credibility of the conclusion, but more studies will be needed to confirm it. Furthermore, we believe that the restrictive transfusion strategy increased the risk of heart attack rather than heart failure and arrhythmia in patients after hip fracture surgery.
This meta-analysis also showed that there were no significant differences in the rates of thromboembolic events (RR, 0.80; 95% CI, 0.38-1.67, P = .55) or length of hospitalization (mean difference = À0.44; 95% CI À1.09-0.20, P = .17) between the restrictive and liberal transfusion groups.
Limitations
Our review has several limitations. First, not all of the articles we included were RCTs. In particular, there was a lack of RCTs in this area in recent years. Second, definitions of specific complication varied between the included articles. For example, in some articles, cardiovascular disease referred to ischemic heart www.md-journal.com disease plus heart failure, but arrhythmia was also included in the scope of cardiovascular disease in other articles. These may also have resulted in bias. Third, in the included studies, thresholds for restrictive and liberal transfusion strategies varied. All of the above may have resulted in bias, although in most results, we found no evidence of statistically-significant heterogeneity.
Conclusion
This meta-analysis found no difference in mortality, length of hospitalization, and incidence rates of delirium, all infections, thromboembolic events, arrhythmia or congestive heart failure, between patients who underwent hip fracture surgery with restrictive versus liberal transfusion strategies. This review also found that the use of restrictive transfusion thresholds is associated with higher rates of acute coronary syndrome; however, the use of liberal transfusion thresholds increases the risk of cerebrovascular accidents (stroke). We, therefore, suggest that clinicians should evaluate a patient's condition in detail and adopt different transfusion strategies according to the patient's specific situation rather than merely using a certain transfusion strategy. Additional large-scale RCTs are needed to confirm these findings.
